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ABSTRACT 

The ultraviolet spectrum of a planetary atmosphere is 
produced by charged-particle bombardment and solar radia- 
tion. The ultraviolet aurora and dayglow may be observed 
from a rocket within the atmosphere, from a satellite above 
the atmosphere, and from a space probe flying by the planet. 
The spectrum of the ultraviolet dayglow is the result of 
molecular scattering, absorption, resonance re-radiation, 
and fluorescence of the incident solar radiation. The com- 
position of the upper atmosphere may be determined from a 
quantitative analysis of the dayglow spectra. The spectrum 
of the ultraviolet aurora identifies many of the atoms and 
molecules that are present in the atmosphere. The geographic 
distribution of the aurora is believed to be the result of the 
interaction of the solar plasma with the planet's magneto- 
sphere. The details of the spectrum will provide information 
on the energy and nature of the bombarding particles. 

INTRODUCTION 

Planetary atmospheres exhibit ultraviolet spectra that 
are characteristic of the atoms and molecules that make up the 
atmosphere and of the physical processes that excite these 
atoms and molecules. Ultraviolet planetary spectra may be 
obtained from rockets flying through the atmosphere or from 
satellites or space probes flying above the planet. The study 
of the ultraviolet spectral region provides a unique opportunity 
to detect the atoms and diatomic molecules that are in the at- 
mosphere. 


*This research was supported by the National Aeronautics and Space Administration 
under Contract No. NAS7-100. 
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Ultraviolet emission spectra have two main sources. The 
first is the dayglow, which is the result of the solar ultraviolet 
radiation falling on the atmosphere. The other is the aurora, 
the result of charged particle bombardment of atmospheric 
constituents. 

DAYGLOW 

The fundamental physical parameter that determines the spec- 
trum of the dayglow is the spectral distribution of the solar 
radiation that falls on the atmosphere. In the visible portion 
of the spectrum, the sun behaves as a black body of about 
5800°K. On the short wavelength side of the black body curve, 
in the spectral region below 3000 A, the solar radiation curve 
has been measured in Naval Research Laboratory rocket ex- 
periments. The solar intensity distribution between 1000 and 
3000 A which is shown in Figures 1 and 2 is taken from their 
work' 1 ). Between 1700 and 3000 A, the solar spectrum is a 
smooth continuum. Below 1500 A, solar emission features 
make up the spectrum. The most prominent of these is Lyman 
alpha emission at 1216 A. Another spectral feature of special 
interest in this wavelength range arises from atomic oxygen 
at 1300 A. It is the solar radiation between approximately 
1000 A and 3000 A that gives rise to the important features in 
the ultraviolet dayglow. 

To use the earth's atmosphere as an example, the im- 
pinging solar radiation is absorbed by ozone in the spectral 
range between 2000 and 3000 A and by molecular oxygen in 
the spectral region between 1300 and 2000 A. Figure 3 shows 
the absorption coefficient of ozone versus wavelength winch 
has been measured in the laboratory by Inn and Tanaka ^ 

The maximum absorption occurs at approximately 2500 A. 
Figure 4, which is from the work of Watanabe and his col- 
laborators (3), shows the absorption coefficient of molecular 
oxygen versus wavelength in the wavelength interval between 
1000 and 1750 A. Above 1750 A, oxygen absorbs discretely 
into the Schumann- Runge bands as may be seen in Figure 5. 
Below 1750 A, the Schumann-Range continuum reaches a 
maximum near 1400 A. Below 1300 A, there are various 
windows that appear in the absorption spectrum. Because 
of absorption by molecular oxygen and ozone, solar radiation 
at different wavelengths between 1000 and 3000 penetrates to 
different levels of the earth’s atmosphere. Figure 6 shows 
the height to which the solar radiation of various wavelengths 
is able to penetrate in the earth’s atmosphere. More precisely, 
the curve indicates the level at which the intensity of incident 
radiation is reduced to 1/ e of its initial value. Between 2000 A 
and 3000 A, solar radiation is able to penetrate down to the 
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Figure 5- Absorption Cross-Section of Molecular Oxygen in the Region 1750 — 
1950 A, from Watanabe (3). (Reproduced through the courtesy of Academic Press ) 



Figure 6. P enetration of Solar Ultraviolet Radiation into the Atmosphere, from 
Watanabe (3). ( Reproduced through the courtesy of Academic Press) 
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30-40 kilometer region in the atmosphere. Between 2000 and 
1750 A, the discrete Schumann- Runge bands absorb in the 
altitude range between 30-100 kilometers. Between 1750 A and 
1000 A, the solar radiation is absorbed above approximately 
the 100 kilometer level. 

The incident solar radiation will be modified by several 
different physical phenomena when it falls upon the atmosphere. 
The atoms that are present in the atmosphere will absorb spe- 
cific wavelengths and then re-emit this energy in resonance 
re-radiation. The molecules that are present, especially 
the diatomic molecules, will absorb certain wavelengths of 
the incident light and then re-emit the radiation in fluores- 
cence. In the lower atmosphere, all of the molecules present 
will scatter the incident solar radiation through Rayleigh 
scattering. The effects of Rayleigh scattering will be modified, 
however, by any absorption that occurs in the lower atmosphere 
particularly by polyatomic molecules that may be present. 

It is the study of the manner in which these four physical 
phenomena occur in the atmosphere that makes it possible, 
from the examination of the ultraviolet spectra, to determine 
both the composition and the structure of a planetary atmos- 
phere. The usefulness of observing the ultraviolet spectra of 
planetary atmospheres has been advocated by Chamberlain^* 

In the earth’s atmosphere, the principal atomic lines that 
occur in the ultraviolet dayglow are the Lyman alpha 1216 A 
line of atomic hydrogen and the 1300 A resonance line of 
atomic oxygen, 3p - 3g. The resonance line is a triplet tran- 
sition producing three lines at 1302, 1304, and 1306 A. In 
other planetary atmospheres such as Mars, resonance lines of 
other atoms may be present; for example, atomic nitrogen at 
1200 A or atomic argon at 1048 A, It is characteristic of at- 
mospheric structure that the lighter atoms occur in the outer- 
most part of the atmosphere. This means that when a plan- 
etary atmosphere is viewed from afar, these atomic resonance 
emissions may appear as a corona or halo about the planet. 

In the case of the earth, the Lyman alpha radiation of atomic 
hydrogen extends all the way out to one earth radii. The 
1300 A line of atomic oxygen extends approximately 1000 kil- 
ometers above the surface. Thus, with a combination of 
spectral resolution and spatial resolution that is available 
from a rocket or spacecraft, one can map out the distribution 
of atoms in the upper atmosphere of a planet. 

The diatomic molecules that are present in an atmosphere 
absorb the radiation at altitudes lower than the atoms. For 
example, molecular oxygen absorbs between 30 and 100 kilo- 
meters. Figure 7 shows an energy level diagram of molecular 
oxygen. The band system of interest in ultraviolet fluorescence 
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Figure 7. Potential Energy Curves of Molecular Oxygen, from G. Herzberg, 

Spectra of Diatomic Molecules, Van Noslrand Co., New York (1950). 

( Reproduced through the courtesy of the Van Nostrand Company) 

is the Schumann-Runge system, 3 s; - 3 £ g . Absorption into 
this system occurs between 1750 and 2000 A. Molecules that are 
in the lowest vibrational level of the lowest electronic state 
populating all of the vibrational levels in accordance with the 
Franck-Condon principle. Since the upper electronic state has 
a larger inter-nuclear distance than the ground electronic state, 
most of the re- emitted radiation will occur at longer wave- 
lengths. Table I shows the Franck-Condon factor array from 
the work of Nicholls(6), illustrating the situation in molecular 
oxygen. Absorption occurs into the first column where v" = o . 
Since the transition probability decreases in going from higher 
to lower v’s, the solar radiation penetrates progressively 
deeper into the atmosphere for bands originating from de- 
creasing vibrational levels. In fluorescence, each upper vi- 
brational level re-emits all the bands along a row with an 
intensity proportional to the Franck-Condon factor. The dots 
across this array show the positions of the ”Condon parabolas”. 
The short wavelength energy that is absorbed into bands listed 
in the first column is degraded to longer wavelengths ap- 
pearing in the bands listed in the table along the parabolas. 

The expected fluorescent spectra have been calculated^) and 
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Table I 

Franck- Condon Factors For The Schumann-Range System 
of 0 2 (Reproduced through the courtesy of the Canadian 
Journal of Physics) 
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are shown in Figure 8. The solar flux in the appropriate wave- 
length interval has been multiplied by the albedo which has 
been derived from the Franck- Condon factors. Each vertical 
line in this figure should be thought of as a molecular band 
about 10 A wide. It can be seen that the spectrum is quite 
complex and does result in a degradation of the short wave- 
length solar radiation to longer wavelengths filling the entire 
spectral interval between 1750 and 3000 A. Other molecules 
that may fluoresce in other atmospheres may be the molec- 
ular nitrogen Lyman-Birge-Hopfield bands between 1100 and 
2600 A in the atmosphere of Mars, and in the atmosphere of 
Venus, the fourth positive bands of carbon monoxide between 
approximately 1100 and 2600 A. The theory of fluorescent 
scattering in planetary atmospheres has been described by 
Chamberlain and Sobouti (®> 9). 

In the earth's atmosphere, the solar radiation between 
2000 and 3000 A does not penetrate into the lower atmosphere 
because of the ozone absorption. However, the molecules 
that remain above the ozone region do produce Rayleigh 
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Figure 8. Ultraviolet Dayglow Intensity Distribution Resulting from Fluorescent 
Scattering, from Barth and Tohmatsu 87) 


scattering and thus contribute to the dayglow spectrum. The 
molecular scattering coefficient follows a i / a 4 law. Figure 9 
shows the calculation of the Rayleigh scattering component of 
the dayglow looking downward from above. (?) The incident flux, 
the uppermost curve, is scattered by the atmosphere below it. 
Above 3000 A, the entire atmosphere above the surface scatters 
the sunlight, producing a high albedo. The shape of the curve 
below 3000 A is the result of the presence of ozone in the earth’s 
atmosphere. The shape of such a curve for an unknown plane- 
tary atmosphere is determined by the amount of ozone in the 
atmosphere. 

AURORA 

The aurora is the result of charged-particle bombardment 
of the upper atmosphere of the planet. A study of the visible 
spectrum of the earth’s aurora shows that electron bombard- 
ment accounts for the most pronounced of the spectral features. 
The principal molecular emitter in an aurora is molecular 
nitrogen. The prominent features that are observable from 
the ground are the first negative bands of nitrogen, the first and 
second positive bandstand the Vegard-Kaplan bands. Figure 
10 shows an energy level diagram of molecular nitrogen. 
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The band systems that are seen in the visible spectrum 
occur from triplet to triplet transitions and are mainly the 
result of cascading from higher excitations. The Lyman-Birge- 
Hopfield bands which are excited from the ground state in a 
singlet- to- singlet transition are not observable from the ground 
as they occur in the ultraviolet below 3000 A. Chamberlain(lO) 
has pointed out that these bands should carry most of the energy 
of the aurora. Since they are a singlet to singlet transition, 
their spectra should give a good indication of the energy dis- 
tribution of the exciting electrons. The atom emissions in an 
aurora that have the most intense and the most significant 
spectra occur in the ultraviolet. For instance, the resonance 
line of atomic nitrogen 4s - 4p i s a t 1200 A. 

Proton bombardment in the aurora produces the Lyman 
alpha line of atomic hydrogen at 1216 A. The intensity of this 
line is a measure of the proton excitation process. 

Both theoretical and laboratory evidence indicates that the 
bulk of the auroral luminosity lies in the ultraviolet part of the 
spectrum(5) and that the intensity there will be greater than 
the intensity of the dayglow. This means that the results of 
charged-particle bombardment may be observed on both the 
illuminated and dark portions of a planet by looking in the ultra- 
violet below 1750 A. The spatial distribution of the ultraviolet 
aurora may be obtained from a spacecraft moving by a planet. 
This spatial distribution will be determined by the interaction 
of the solar wind with the magnetic field of the particular planet. 
The observation of auroral emissions from the planet's upper 
atmosphere thus may be used to infer the existence of a planetary 
magnetic field. 

Table II presents a summary of some of the spectral emis- 
sions from dayglow and aurora which may occur in various 
planetary atmospheres. 



Table II 
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